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ABSTRACT 

The relative expression of mucin antigens MUC1, 
MUC2, MUC3, MUC4. MUC5 AC . MUC5 B , and MUC7 and 
glycoprotein antigens KSA, carcinoembryonic antigen, pros- 
late-specific membrane antigen (PJ5MA), HER-2/neu, and 
human chorionic gonadotropin-p on different cancers and 
normal tissues is difficult to determine from available re- 
ports. We have compared the distribution of these antigens 
by immunohistology on a broad range of malignant and 
norma! tissues. MUC1 expression was most intense in can- 
cers of breast, lung, ovarian, and endometrial origin; MVC2 
m-3s most intense in cancers of colon and prostate origin; and 
MUC5 aC was most intense In cancers of brvasi and gastric 
origin. MUC4 was intensely expressed in 50% or cancers br 
colon and pancreas origin, and MUC3, IVtUC5 H , and MUC7 
were expressed in a variety of epithelial cancers, but not so 
intensely. KSA was inteaselv and uniformly expressed on all 
epithelial cancers; carcinoembryonie antigen was expressed 
in most cancers of breast, lung, colon, pancreas, and gastric 
origin; and PSMA was expressed only in cancers of prostate 
origin. Human chorionic gonadotropin-^ was expressed on 
the majority of sarcomas and cancers of breast, lung, and 
pancreas origin, although intense staining was not seen. 
Staining on normal tissues was restricted to one or many ^ 
normal epithelial tissues ranging from MUC3, MUC^-a^it 
PSMA. which were expressed only on epithelia of pancreas^ . 
stomach, and prostate origin, respectively, to iiid 
KSA, which were expressed on most normal epithelia. Ex^ 
pression was restricted to the secretory borders of these 
epithelia while stroma and other normal tissues were com- 
pletely negative. These results plus the results uf the two 
previous papers (S. Zhang ct ai, Int. J. Cancer, 73: 42-49, 
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1997; S. Zhang ct al. y Int. J. Cancer, 73: 50-56, 1997) in this 
scries provide the basis for selection of multiple cell surface 
antigens as targets lor antibody-mediated attack against 
these cancers. 

INTRODUCTION 

This is our third and final immunohistochemistry study 
comparing the expression of a series uf cell surface antigens 
(selected as potential targets for immunotherapy) on a range of 
normal and malignant tissues. The previous two studies (I. 2) 
focused on carbohydrate epitopes expressed in glycolipids. mu- 
cins, and other glycoproteins. Here, we focus on the peptide 
epitopes of seven mucins and five glycoproteins, each of which 
is available for vaccine construction as a consequence of simple 
peptide synthesis (MUC1-MUC7) ur expression in Escherichia 
coli orbacttlovirus (3-7). Each of these antigens is cither known 
to be expressed at the cell surfuec us a consequence of a 
demonstrated transmembrane domain (MUCI. KSA, CEA, 
PSMA. and HER-2/Jieu; RclY 8-12) oris thought to be shed by 
tumor cells and be cither adherent to or abundant in die vicinity 
of tumor cells (MUC2. MUC3. MUC4. MUC5 AC . MUC5 B . and 
MUC7 and phCG; Rets. 13-19). Although the expression ot ? 
each of these antigens on human tumors and normal tissues has 
been described, previous studies were limited in terms of num- 
ber and types of tissues studied, involved mAbs against only one 
to three antigens without direct comparison to expression of* 
other antigens, and used different immunostaining procedures 
(indirect immunofluorescence, indirect immunoperoxidase, or 
ABC immunoperoxidase: Refs. 13 and 19-29). Consequently, 
the comparative distribution of these antigens on cancers and 
normal tissues is difficult to determine from available reports, 
aJ though this is precisely the informcuon required for selecting 
" £&gct antigens for irrimunothcrapy. This is especially important 
with the recent development of conjugate vaccines capable of 
inducing antibodies in most palienU against a variety of well- 
defined tumor antigens (30) and with the recenr evidence that 
the induction of these antibodies correlates with a more favor- 
able prognosis (30-32). 

MATERIALS AND METHODS 

Tissue Samples. Fro/.en specimens embedded in Tissue - 
Tek O.C.T. compound (Diagnostic Division. Elkhart. IN) were 
provided with pathological reports by the Tissue Procurement 
Service of Memorial Sloan- Kettering Cancer Center (New 
York. NY), with the exception of four frozen specimens of 
metastatic prostate cancer, which were kindly provided by Dr. 



- 1 The abbreviations used urc: CCA. eardnocmbryonic Antigen; phCG, 
human "Chorionic gonadotropin-^: mAb. monoclonal antibody; ABC. 
avidin-biotin complex: Gl. gasrrntnrestinal; PSMA. prostate-specific 

mcmlynnc .nnrigr.n. 
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Table} Mo&e mAbs used fo r immun ohistoloey 



mAb 


Ig cluii 


HMFC-2 


IfiGl 


LDQ10 


igM 


M3.2 


[gG2a 


MUC4.275 


IgG I 


CLH2 


IgG I 


PANH2 


tgGl 


PAN1-B 


IgGl 


NCVCEA 


i&ci 


Cvt351 


IgG 


GA733-2 


IgG2a 


FD12 


I*Gl 


NCL-CBE1 


l£;G2a 



Antigen 



MUCl 

MUC2 

MUC3 

MUC4 

MUC5 iC 

MUC5 D 

MUC7 

CEA 

PSMA 

KSA 

phCG 

H£RvVncu 



Antigen iitnjcrurc 



VTSAPDTRl'AHGSTAPPAHG repealing 
PTTTPlsrnTSrfPTPTrrGTQT repeating 
HKTPS FTSS ITTTHTTS repeating 
TSSASTGHATPt.PVTD repealing 
TTSTTSAP repeating (interrupted) 
No peptide repeal's 

TTAAPPTPSATTPAPPSSSAPPE repeating 

Glycoprotein (M 180.000) 

Glycoprotein (M 100.0IX)) 

Glycoprotein [M 40.000) 
. 145.umino acid glycoprotein 
-Protein (M ISS.000) 



Rcf. 



41.42 

37 

20 

43 

27 

44. 45 
J4.45 , 

Vector laboratories 

28. 46 

47 

4S 



tM, 2 Propomor^ e wer c*ll * + ^n^menMiy )_ by 

Antigen (mAb) 



immuTiohistulogy" 



Cancer 



Melanoma 
Sarcoma 
Neuroblastoma 
B-ccll lymphoma 
J>mull tell lung 
Breast 

Meiustalic prnsratc 
Cukm 

Pancreas 
Gastric 
Ovarian 
I2ndutnciriat 



MUCl MUC2 
f HMFG- 2) (LD0I0) 
1/5 



n/5 
0/5 
0 

0/5 

1/5 

5/7" 

3/5 

d/5* 

3/8 

3/5 

1/5 

5/r 

3/5 B 



MUC3 MUC4 MUC5 AC 
(M3.2) (M 4.275) (CLH2) 

~0/> 



MUCS ri MUC7 
(PANH2) (PANTO 



KSA 
TGA733- PSMA 
2) fCyi35l) 



0 

1/5 
0 
0 

3/7 
4/5 fc 
0 

2/5 
0 

:/5 
o 



0/5 
0 
0 
0 
0 

1/7 
0 

1/5 
4/8 
0 

3/5 
4/5 
2/5 



0 
0 
0 
0 

1/7 
0 
4/5 

3/5* 
2/5 
3/5 
0 



1/5 
0 
0 

.0 

-"'u . - 
' 5/(> 
AJ/5' 
". 0 

4/S 

2/5 

4/5'' 
0 

1/5 



0/5 
1/5 

0 

0 

4/6 
i) 
0 

3/8 
1/5 
1/5 
0 

2/5 



" AM tunuir tiuMies *>cre stained by 
h Median staining intensity *as 4+ 



ABC imnmnopcroxidastf methods, 
for 3:80% of cells. 



0/5 
0 
0 
0 
O 

1/N 
0 

(1 

4/8 
0 

1/5 
0 
0 



CEA 
[NCU 
CEA) 



0hCG 
(F3!2) 



HER-2/r^M 
{NCL- 
CBK1) 



0/5 


0/5 


1/5 


0/5 


0/5 


0 


0 


0 


3/5 


0 


0 


0 


0 


1/5 


0 


0 


0 


0 


0 


0 


5/5'' 


0 


3/5 


1/5 


0 


5/7" 


0/7 


4/7* 


4/7 


\n 


5/5'* 


3/S ! ' 


n 


1/5 


1/5 


5/5* 


0 


4/5" 


3/5 


1/5 


S/S" 


0 




2/S 


o/s 


5/5" 


0 


3/5* 


4/5 


0 


5/5" 


0 


5/5* 


O 




5/5" 


0 


2/5 


2/5 


0 


5/5" 


0 


1/5 


2/5 


0 



G. Steven Bova (PELICAN Laboratory. Johns Hopkins Univer- 
sity. Baltimore. MD). Cryosut actions were cut ai 5 ji-m^ricd , 
in nii, and fixed with neutral buffered 10% formalin folutio^ 
fSi.*ma Co.. St. Louis. MO) for 10 min before H&E pr imrpurfp - 

ruining. . ^ . 

mAb and ImmunohUtochemislry. The murm'c.rnAbs 
and the antigens they recognize arc summarised in Tabic 1. 
mAb HMFGO was provided by J. Taylor-Papadimitriou (Im- 
perial Cancer Research Fund. London. United Kingdom): 
LDQ1Q u ^ provided by F. X. Real flnstiiut Municipal 
d'lnvcsiiaacio Medica. IMIM. Barcelona, Spain): M3.2 and 
MUC4.275 were provided by V. Apostolopoulos (Austin Re- 
scare). InMiiute. Victoria. Australia): CLH1 PANH2. and 
FANH3 were provided by H. Clausen (University of Copenha- 
gen. Copenhagen. Denmark): Cyi35I was provided by W. 
Mcsion (Memorial Sluon-Keucring Cancer Center): FBI 2. was 
provided by O. Bcllct (Wisiiiul Gustave-Roussy,: :Vi]lujuj£; ; 
France): and GA733-2 was provided by D. Hcrlyn (The Wma^ 
Institute. Philadelphia. PA). mAbs NCL-CEA and NCtCBFIl 
were purchased from Vector Laboratories. Inc. (BifHingame. 
CA) 

Mil- aBC immuiiopeio.u.Jase method wa^ performed us 
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described previously (33). Briefly, the section* were quenched 
with 0.1% H,O a in PBS Tor 15 min. blocked with avidin and 
ibiotin reagent (Vector Laboratories) for 10 min each, incubated 
in W?c scrum of ho^e or goat from which the ?>econd antibody 
was raised, and incubated with various mAbs for 1 h at optimal 
concentration. The optimal mAb concentration was selected 
based on the sinmgesi reactivity against the known positive 
target cells with little ur no background againM stroma. The 
concentrations of mAbs used were: FBI 2. 0.5 >i«/mh Cyt35l 
and GA733-2. 2 ^/ml: HMFG-2. M3.2. MUC4.275. CLH-- 
PANH2. and PANM3 (supcmatanLs). between 1:3 and 1:6. 
LDOI0 and NCL-CBE1 (ascites). 1:15; and NCL-CEA. L50. 
The sections were subsequently incubated with I :f»O0 bjonn- 
ylatcd horn- antimouse IgG or 1:300 yu«l aiuhnoua* IgM anti- 
bodies (Vector Laboratories) for 40 min and then incubated n 
I - 50 ABC reagent (Vector Laboratories) for 30 min. Reaction* 
were developed with 0.02% H.O, and 0.1% diaminobenzid* c 
tctrahydrochloridc (Sigma) for 2-5 min. Slides were then couu- 
tcrstaincd with Hams modified hematoxylin (Fisher Seicnui^ 
Fair Lawn, NJ) for 1-3 min. The immunorcaeiiviiics ^ c 
grsidcil based on the percentage or pusiiive cells and Ml ™ 
inieniiiiy above Uwt .seen on the ncgauvc control: 1+ (*' ca 
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FtQ. I expression of protein artligen; 
on breast canter (A and O], prostate 
cancer (B and £). and uvarian cancer (C 
anrf O. The pattern of staining of cell 
inembninc hound antigens MUC1 lA) 
and KSA (8 and C) is indistinguishable 
from secreted Antigens MUC5 >AC (£>). 
MUC2 lh\ and MUC4 (F). Seining 
wirensity in these actions is graded us 
fnllowy A. 2--3 + . of tumor cells 
positive: tf. 4-. 100'*: C 4-K lOO'A: 
3 + . HiVi: t\ 3-. S0%: F. 3 -i -. 8W. 
Magnification. X70 




2+ (moderate), 3+ (strong), and 4+ (very strong or intense). 
Staining intensities of 2+ or stronger were considered positive 
(Tabic 2 .mil Fig. I ). Known positive and negative control slides 
were used in each experiment. Results with the several IgM, 
IgC3, and IgG2 mAbs included in the panel of antibodies tested 
ruled out nonspecific adherence of particular subclasses of. 
nntibodic 



only FBI2 against £hCG reacted moderately C2+) with some 
sarcomas. KSA was very strongly expressed (median 4+) on 
small cell lung cancer and all or most specimens of all of the 
epithelial cancers. At the other extreme was PSMA, expressed 
only on primary and metastatic prostate cancer (median, 3+- 
4+). (3hCG was expressed moderately (median, 2+) on some 



An indirect immunoperoxidasc assay was perfonn^.^ 
described previously (34) on normal liver, fcdney. and stomgfch 
samples because dtesc tissues reacted strongly with ABC '^S^ 
gent directly, producing high background. Briefly, thVseciiQrigg 
were quenched with 0.1% H 2 0 7 in PBS for IS min T blocked 
with 1 07c serum, and incubated with mAbs for 1 h al the optimal 
concentration. The sections were incubated with 1:100 rabbit 
antimou.se immunoglobulin labeled with peroxidase (DAKO 
Corp.. Carpinteria, CA) for I h and developed as described for 
the ABC method. 

RESULTS 

Reactivity or mAbs with Tumor Tissues. Table 2 sum- 
marizes the staining on tumor tissue samples observed with tjhe 



.; ;., I ; samples of most tumor types, but strong expression (3+) on 
itH'****^! .^v^r-..i ; « ^.;^^ rt c «nrh as rhree of five lune cancer speci- 



^vtJefcgiiohal specimens, such as three of five lung cancer speci- 
was also seen. CEA, MUCl. MUC2. and MUC4 were 
" strongly expressed on the majority of some epithelial cancers 
v (median, 3 +-4+) but not expressed at all on others. MUC3. 
MUC5 D . and MUC7 were moderately expressed on the majority 
of several cancers (median, 2+)..MUC5 AC was strongly cx- 
' pressed on only breast and gastric cancers. Confidence in ail of 
these results was bolstered by the very strong expression (4+) 
seen on some specimens with each of these mAbs and complete 
lacV of staining on other specimens. .Strong (3+) HER-2//uru 
expression was only seen on one prostate cancer specimen, and 
the other two positive specimens were 2+. despite using the 
available ascites at a 1:15 dilution. Consequently, in the 
absence of a clear positive control, it is not clear whether the 



mar izes me staining on iumui u«u . ~« ^,. r . } r nr. 

panel of mAbs. Eighty-rwo neoplastic tissue specimens fepfe/ ^.of staming ot more specimens with NCL-CBE1 against 
seating 15 tumor types were analyzed with each .of tfw#£ ^m*»F" * consequence- ot low levels of antigen 
antibodies None of these mAbs reacted consistently with rrf|p^ expression, inactive antibody, or problems with the assay, 
anoma, neuroblastoma, or B-ccll lymphoma specimens, on^ -. Representative examples of these reactions and our grading 
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f'n: 2 Expression of protein antigens 
on" normal tissues. Epithelial cells at 
secretory borders were stained in kid- 
ney (A) with mAt > HMHG2 against 
Ml/Cl (2+): in stomach (B) with mAb 
CLH2 againsi MUC5 AC M + in lung 

lO, « v ^y ^* ^ lcslis ^ Wllh m ^ h 
G A 733-2 against KSA (4*. 2t. ami 
3 t , respectively) and in colon (0) with 
mAh LDOI0 a^inst MUC2 (3 r). 
Magnification. K70. 




of percent-ice positive tumor cells and staining intensity arc 
shown in Fig. I. Staining of stroma with all 12 of these rnXbs 
was uniformly negative. 

Reactivity of mAbs with Normal Tissues. Table 3 sum- 
marizes the immunoreactiviry -on normal tissue samples ob- 
served with the panel of mAbs. MUCl was weakly distributed 
on the epithclia of all of the tested organs, except liver. MUC2 
was observed on the epithelia of prostate, colon, and pancreas. 
MUC3 was only detected on epithclia of pancreas. MUC4 was 
expressed on epithelia of colon and prostate (weakly). MUCS^ 
was very strongly expressed in stomach epithelium. MUC7.;an3 
HER-2/neu were not expressed on uny nc«mal / tissue& 1 -- : i^^ 
MUC5 H wa$ only detected on normal colon epithelium and 
weakly in the testis. (JhCG was detected in epithclia of prostate, 
stomach, and pancreas and weakly in colon and lung, and it was 
delected in the testis: PSMA was only detected on prostate 
epithelia. KSA was strongly expressed on the epithelia of all of 
the tested organs except stomach aad liver and moderately 
expressed on seminiferous tubules of testis. CEA was strongly 
expressed io the epithclia of prostate and colon and weakly in 
lung, uterus and breast. The pattern of expression of each of 
these antigens on normal epithelia was mainly luminal, with 
evident polarity. Luminal cells stained most intensively at lu- 
minal borders. In addition. CEA was detected in histiocytes 
the red pulp of The spleen, an expected consequence hot of GjjSA 



expression but of the mAb used, NCL-CEA, which cross-reacts 
. with nonspecific cross-reading antigen on histiocytes (35). Ex- 
amples of the staining patterns on normal (issues with these 
mAbs axe shown in Fig. 2. Once again, staining of stroma was 
uniformly negative. 

DISCUSSION 

One of the striking features of our two previous reports was 
f " ie jeiear separation between die carbohydrate antigens ex- 
•^pressed by tumors of neuroectodermal origin and die carbohy- 
drate antigens expressed by tumors of epithelial origin (1.2). 
This is also the case for the protein antigens studied here. None 
of the seven mucins were expressed on more than one of the 
specimens of the five nonepithelial origin cancers, but these 
mucins were widely and densely expressed on a variety of 
epithelial cancers. The same applies for the other glycoproteins, 
except that all small, cell lung cancers expressed KSA very 
strongly and some, expressed CEAj and some sarcomas ex- 
pressed moderate amounts of fthCG. O this basis, melanomas, 
sarcomas, neuroblastomas, and B-ce.ll lymphomas" arc quite dis- 
tinct from the eight epithelial cancers tested. Small cell lung 
- cancer,, not surprisingly, is intermedial?, with some charucter- 
. jsucs of each group. 

*f(0 This study differs from previous reports tm the distribution 
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of these antigens in several ways. Our focus was entirely on 
potcniial urgets for immunotherapy and, especially, on anu- 
body-mcdiatcd immunotherapy. We have compare* ihe express 
sion of 12 antigens raiher than 1 to 3 and explored a wide variety 
of malignant and normal tissues rather than a few. On the other 
hand, wc tested only five to eight specimens in most cases, and 
because this was pan of a larger study looking al expression of 
glycolipid antigens as well, specimens were fixed with 10% 
formalin, which may nui be ideal for Rome protein antigen;;. 
However, to die extent that others have studied the expression ol 
these antigens on these cancers, our study is largely in agree- 
ment. MUCI has long been known to be expressed by many 
normal epithelial tissues and by many or most cancers of breast, 
ovary, pancreas, prolate, and colon origin (21-23. 26). Wc 
concur and add to this list endometrial and non-small ceil lung 
cancer. MUC2 has been previously identified in most colon 
cancers as well as cancers or the stomach, pancreas, breast, and, 
recently, prostate (22. 24. 36). Wc concur, except that we found 
no evidence of MUC2 in the five gastric cancer specimens wc 
tested. The previously described more restricted expression of 
MUC2 than MUCI on normal tissues (22. 24. 36. 37 j. with 
MUC2 detected in the CI tract and, recently, the prostate (36) 
but not most other sites, was also our finding. MUC3 was 
previously detected on the majority of colon, ovarian, and 
gasiric cancers (20. 24). in agreement with our findings, but also 
in the Gl tract but not the pancreas, which is the reverse of our 
findings. MUC5 Ar has previously been detected in the majority 
of gastric cancers and in normal stomach, as wc found, and wc 
add to this strong expression in most breast cancers (22, 27). 
MUC5„ has been described to be strongly expressed on some 
colorectal carcinomas and normal colon (22). as v/c.found^Ve 
add to ibis moderate expression of MUC5 B on the majority ot 
breast cancers. Our study breaks little new ground o'rribe dis- 
tribution of KSA (38) and PSMA (4, 2*. 36). except thai we 
were not prepared for the intensity and uniformity or KSA 
expression on all epithelial cancers tested (and normal epithelial 
tissues), and we have extended the number of different normal 
tissues and nonprostate cancers that arc negative for PSMA by 
immunohistology. Likewise, we confirm the strong expression 
of CEA oji most brcasi. lung, and GI malignancies and the 
corresponding normal tissues as described previously (35, 39, 
40). (3hCG mUNA has been described to be strongly expressed 
in 6 Iff of bladder cancers (which wc did not test) and to be 
moderately expressed in 46** of brcasi cancers and 20% of 
prostate cancers (19). which agrees with our findings. Wc.ad^tp 
this moderate expression in a small proportion of several other 
cancers and the majority of sarcomas and cancers oUhe. lung 
and pancreas, as well as a variety of normal tissues;- 

A benefit of resting many different types of cancers with a 
broad range <>r mAbx is thai it permits selection of the several 
amicus most suiiahlc as targets for immune attack against each 
cancer. Expression on normal tissues is. of course, a consider- 
ation in ihis selection, but expression at the secretory herder of 
epithelial tissues docs not appear to be a problem (as discussed 
ai greater leneih in part I of this series; Ref. D- Antigens 
expressed at epithelial secretory borders induce neither immu- 
nological tolerance nor detectable autoimmunity once antibod- 
ies arc administered or induced against them. Consequently, if 
strong expression on > Wi- of tumor cells of rW or more ,uf 



Tahie 4 Protein targets for antUwdrmcdiaic d immu notherapy* 

Oncer ...^i£f. n :'' 



Melanoma 

Sarcoma 

Neuroblastoma 

B-cell lymphoma 

Small cell lunj; cancer 

Breast 

Prostate 

Lung 

Colon 

Pancreas 

Gastric 

Ovarian 

Endometrial 



Nunc 

(fihCC) 

None 

None 

KSA 

MUCK MUC5 At: . (>CSA). (CEA) 
MUC2. KSA. (PSMA) 
MUCI. CFA. KSA. (MUC4). fphCC) 
MUCI CEA, KSA. (MUOi) 
KSA. CMUC4). (Cb"A). f£hCG) 
MUCS AC . CtA. KSA, (MUC3) 
MUCI. KSA. (MUC3) 
KSA. (MUCI) 



" Targets; selected from the 12 anrigens ie<ted in this study. 
'> Aniirens expressed intensely (4 + ) on ^S07* ot tumor cells in 
of specimens. AniifCiU in parcnlhcsct weve expressed un 
of tumor cells sironsly tf + ) on at least 50% or moderately (2 + ) on ut 



least 60*> Of specimen*. 



the cancer specimens tested but not. on immune accessible 
tissues arc used as selection criteria, the antigens selected as 
targets for each cancer are shown in Table 4. The results 
summarized in Table 4 for protein antigens plus the correspond- 
ing tables for gangliosidc and carbohydrate antigens in parts 1 
and 11 of this series (K 2) provide die basis for selection of 
multiple antigens as targets for antibody-mediated immune at- 
tack against these cancers. 

ACKNOWLEDGMENTS 

Wc thank Drs. J. Taylur-Papadimitriou (inAb HMKi-2). F. X- Real 
(mAb 1 OQW) V. Apof.tolopoulos (mAb* M3.2 and MUC4.275). H. 
Clausen CinAt* CLH2. PANH2. and PANH3). W. Hcston (mAn 
Cyt35l). O. Hcllet (mAb FB 12). and D. Hcrlyn (mAb GA733-2) h>»' 
providing the indicated mAb and Dr. (J. S. Buvo for providing mcl-v 
vtjric prostate eunevr specimens. 

REFERENCES 

I Zlunc. S.. Curdon-drdo. C. 2lwng. H. S.. Rcutcr. V. Adluri. S- 

Hamilton. W. B.. Lloyd. K. O.. and Livingston, P. O. .Selection of turn* 

antigens as targets for immune atuck using immunohistuchcmisrry. 

Focus on eumjtiosidcs. Im. J. Cancer. 73: 42- 49. 1997. 

•> Zfun* S Zhang. H. S.. Cordon- Cardo. C Rcutcr. V. E. Sin?Jid- 

A K. I Jflyd. K. O. and Livingston. P. O. Selection oftumor an {Jf c ^ 

as uirgcis for immune atiiiek wing immunohisiocliemtsny. II. BUk 

;.: roup -re luted antigens. Int. J Cancnr. 7J: 50-56. 1097. 

Jt Robbins-Roih. C. Cancer vaccines: arc we finally wi the right track. 

Biovcnture View. 12: 2-10. 1097. 

.1 Kair W R.. Israeli. R- S . and Hcslon. W. D. W. Pr«wtaie-sp«^ 
membrane antigen. Prostate. SI: U0-I4S. IM7. ^ 
S Mctntighlin. J. P.. Schlom. J.. Kanuir. J. A., and Greincr. J. • 
Impw-ed Immunotherapy ura recombinant caremoembiyonic anug^ 
vaccinia v^.cine when given in cymhtnaiion with intcrteukin-^. Lai 
Res.. 56 236I-2367. lyyb. 

fi. Talwar. C. P.. Sinch. 0.. Pal. R.. and C:hattcrjcc:. N. Vucaflrt i ^ 
cotmol of fenility ;in.l hormone dependent cancers. Int. J- Win 
Pharmacol.. U: 5H-5I4. 1992. 

7. Disis. M. L.. Shiota. K M.. and Chcevcr. M. A Human 

protein immuni^atiuu circumvents tolerant* to rut neu: u 

rtgy for -sell" tumour anci.nens. Immumilo-y. 93. 1 92-199. i» • 



JUL 10 2003 12:18 PM 



310 820 8483 



PAGE 



I 



JUL- 10-2003 11=56 



UroGenesys' 



310 820 8483 P. 08/09 



Clinical CuiKcr Research 2675 



S Cou^cns. L.. Yang-Feng. T. U Chen. Y. L. H. Cay. A.. Mcgrath. 

I Sccburg P. H.. Libcrmun. T. A.. Schlessinger. J.. Francke. U.. 
L cvinson. A.. ^ Ullrich. A. Tyrosine kinase receptor with extensive 
hnnMliidV to cuf receptor share* chromosomal location with n K u onco- 

Science (Washington OQ. 730: 1 1 32-1 139. t^S5. 
o' u'rac-li. K. S.. Powell. C. T.. Fair. W. R.. ami Hcston. W. IX W. 
Molecular cloninp or a complementary DNA encoding a prostate-.^; 
SpMTic membrane antigen. Cancer Rev. 5J; 227-230. 1993. 
10 Ccndler. S • Lancaster. C. Taylnr-Papadimirriou. Duhig. T.-' 
P-ur N.. BurerwII. J.. Pcmbcrton. L.. Lalani. C-N.. and Wilson. D. 
Molecular cloning and expression of human wmor-associatca polymor- 
phic epithelial mucin. J. Bid. Chcm.. 265: 152*6-15293. 1990. 

I I Jessup. J. M.. and Thomas. P. Careinoemhryonic antigen: function 
i» metastasis by human colorectal carcinoma. Cancer Metastasis Rev.. 
,S; 2f»3-2S0. 19X9. 

12 Perez. M. S.. and Walker. L. E. Motion and characterization of a 
cDNA encoding the KSl'4 epithelial carcinoma marker 1. J. Immunol.. 
142: 3662-3667. 1989. 

(3. Bonck. L. A.. Tsui. H.. Biesbruck. A. R.. and Levine. M. J. Mo- 
lecular chining. sequence, and specificity or expression of the gene 
encoding the tow molecular weight human salivary mucin (MUC7). 
j. Biol. Chcio.. 2H6: 20563-20569. 1993. 

14 Dufossc. J.. Pnrchct. N.. Audic. J-P.. Dupcrni. v. G.. Uinc. A.: : Vafi- 1 
Scuningen. I.. Marrakchi. S.. Degand. P.. and Aubcrt. J-P. Degenerate.. 
H7-basc-pair tandem repeats create hydrophilic/hydrophobic alternating 
domains in human peptides mapped to UplS. J. Biochcm.. 293: 329- 
337. 1993 

15. Dupcrut. V. C;.. Audie. J-P., Dchaillcul. v., Ijinc. A.. Buisinc. 
M-H.. Guliegue-Zouuina. S . Pigny. P.. Demand. P.. Aubcn. J-P.. and 
Porcher. N. Biochemical characterization of the human mucin gene 
MUC5AC: a consensus cystcinc-rich domain for UplS mucin genes. 
Biochcm. J.. 305: 211-219. 1995. 

16. Gum. J. R.. Byrd. J. C. Hicks. J. W.. Toribara, N. W. ; Lamport, 
D. T. A., and Kitn. Y-S, Molecular cloning of human inLcstinal mucin 
cDNAv: sequence analysis and evidence for generic polymorphism. 
J. Biol. Chcm.. 264: 64SU-WK7. 1989. 

17. Gum. J. R.. Hicks, J. W.. Swallow. p. W., Legace, R. U. Byrd, J. v 
Lamport. D. T.. Siddiqui. B.. and Kim. Y-S. Molecular cloning of 
cDNAs derived from a novel human inicsunal mucin gene. Biochcm'.-: " 
Biophys. Res. Cnmmun.. HI: 407-415. 1990. 

IK. Porchet. K. Nguyen. V. C. Dufo.sse. J.. Audic. J. P.. Guyonnei- 
Duncrm. v.. Gross. M. S . Denis. C. Degand. P., Bernheim, A., and 
Aiihen, J. P. Molecular cloning and chromosomal localization of a novel 
hum.in tnieheo-bronchiat mucin cDNA containing tandemly repeated 
jcqucnccs of 48 base pair*. Biochcm. Biophys. Res. Cnmmun.. 175: • 
414-422. 1991. 

19. BcHet. O.. Uau, V.. Bieche. I.. Puradis. V.. Gicn-an grand i. Y.. 
Puicrtini. P.. Lidcreau. R . Bcdo.iM. P.. Bidart. J-M.. and VidattfL M. 
Malignant Inuuforrosuion of nontrophoblasric calls i.t associated ^tth 
the expression of chorionic gonadotropin B gents normally transcribed 
in trophoblastic cell*. Cancer Res.. 57: 516-523. 1997. 

20. Apmtolopoulos. V.. Xing. P-X.. and Mckenzie. I. P. C. Anti : 
peptide monoclonal and bodies to intestinal mucin 3. J. Gastrul. Hepa- 
tol.. JO: 555-561. 1995, 

21. Byrd. J. C. Ho. J. J. L.. Lamport. D. T. A.. Ho, S. B.. Siddikh B'h" * 
Huang. J., Yan, and Kim. Y. S Relationship of pancreatic cancer 
apornucin to mammary and intestinal apomuctn*. Cancer Rcsi.. Si: 
1026-1033, 1991. 

2.T. Curraio. C. Balaguc. C. De Bolos, C Goiualez. E. ( Gambus, G., 
Plana. J.. Pcrini, J. M.. Andreu. D.. and Reul. F. X. DifTercnrial apo- 
mucin expression in normal and neoplastic human gascointe5Cinal tis- 
xucv Gustrocnicrology, 107: 160-172. 1994. 

23. Dienhort. D. G.. Schmelrer. R. F.. Leur. J. L.. Miller. G. J.. Glenn. 
S. D.. Blocdow. O. C. Kiuliwal.-R.. Moran. P.. Scligman. P.. Murphy. 
J. R.. Konright. K.. and Bunn.. P. A.. Jr. Imaging of non-smal! cell lung 
cancers with a monoclonal antibody. KC-4G3, which recogni/x-s a 
human milk fat globule antigen. Cancer Re*,. 50: 706S-7076. 1990. 



14 Ho. H. B„ Nichans. G. A.. Lyftow. C. Y:m. P. Chcrwii/.. D. I... 
CJum, £. T.. Dahiyu. R-. and Kim. Y. S. Heterogeneity ol mucin sene 
expression in normal and neoplastic tissues. Cancer Res.. 53: frM-Wl. 
1993. 

25.:Hollin ? swonh. M. A.. Siru^'hcckor. J. M.. Caflwy. 'I*. C. and 
Mack. D. R. Expression muc -- mu " aND i,UicJ lIUICtM 

mRNAs in humnn panenrnric ;md iniesinud luiuor cell linos. Int. J. 
Oncer. 57: IMM-21U. 1994. 

2o. Ichise. K.. Perey. U. Vogcl. C. A.. Buchceycr. F.. and Kufc. D. 
Expression of the DF3-P epitope in hunian i»v iir i;in carcinomas. Clin. 
Cancer Res.. /; 565-571. 1995. 

27. Rcia. C. A.. David. L.. Nielsen. P. A,. Chtfi*cn. H.. Mirgorodskaya. 
K.! Rocpslprff. P.. and Sobrinho-Simoc/!. M. Immunohistochcmical 
srudy of MI/C5AC expression in hitman "iisiriv carcinomas usiny ;i 
novd monoclonal antibody. Int. S. Cancer. 74: 112-121. 1997. 
2*. Silver. D. A.. Pclliecr. I.. Fair. W. R.. Hcsion. W. D. W.. and 
Cordon-Cardo. C. Prosiate specie membrane ;inricen expression in 
normal apd malignant hunian tissues. Clin. Cancer Res.. S: S I » 85. 1 997. 
29. Yu. C-J.. Yang. P-C Shun. OT.. U*c. Y-C Kuo. S-H.. and Lull. 
K-T.-'Ovc rex press Ion of MUCS picnea is associated with early p^Jsi- 
nperative metastasis in non-snwll-cell Uutg c;tnccr. Inf. J. Cancer. M: 
457-465. 1996. 

10 ' Livingston. P. C. and Ragupathi. G. Car txih yd rait: vaccines that 
induce amibodie*; against cancer. Pan II: Previous experience and future 
plans. Cancer Immunol. Immunothcr.. 4S: 10-19. 1997, 
31 I iving«on. P. O.. Wong. G. Y. C. Adluri. S..Tau. Y.. Padavun. M.. 
Parentc R . Hanlon. C. M. J.. Helling. F-. Rilter. G-. Ocitgcn. H. F.. ami 
Old. I.. J. Improved survival in AJCC stage III melanoma palicnU with 
GM*> aniibt«Jies: a randomi/.cd trial of adjuvant vaccination with GM2 
ganglioside. J. Clin. Oncol.. /.?. 1036- I CVU. 

32. MacLxan. G. D.. Reddish. M. A.. Koganiy. R. R.. and Ungencckcr. 
B~ M. Antibodies again?! mucin-ass^iarcd sialyl-Tn epitopes correlate 
with survival of metastatic adenocarcinoma patients undergoing active 
specific immunotherapy with synthetic sTu vaccine. 1. Immunol.. 19: 
59-68. 1996. 

33! Hsu. S. M.. Rain. L.. and Pangcr. II. Use of avidin-bioiin-pcroM- 
dasc'complex (ABC) in immunopenwid:we technimies: a comparison 
between ABC and unlabeled antibody (PAP) procedures. J. Histochcm. 
Cytochcm.. 29; 577-580. 1981. 

34. Dippold. W. G.. Lloyd. K. O.. Li. U T.. Ikcda. H.. OcKgcn. H. F.. 
and Old. I.. J. Cell-surface antigens of human matignanc melanoma: 
definition of six antigenic ty turns with monoclonal antibodies. Proc. 
Narl. Acad. So. USA. 77: 61 14-61 IS. 1980. 

35. Thompson. J. A.. Gruncrt. F.. and Ziinmernian. W, Carcinocmbry* 
onic antigen geiw family: molecular biology and clinical perspectives. 
J. Clin. Lab. Anal.. 5: 344-366. 1991. 

36. Zhang. /-hang. H. S.. Rcutcr. V, E.. Lloyd. K. C).. .Scher. H.. and 
Livingston. P. O. Expression of potential target ami©sns for immuno- 
therapy on primary and metastatic prostate cancer*. Clin. Cancer Res.. 
4: 295-302. 199X. 

37. Gambus, CV, Bobs, C. D., Andreu. D.. Franci. C. Egea, G.. 'and 
RcaUif. X. Detection of the MUC2 apomucin tandem repeat w»th u 
mojivc monoclonal antibody. Gastxoc necrology. !(>*: 93-102. 1993. 
3S>vCotUinger. H. G.. Funke. I.. Johnson. J. P.. Gokcl, J. M. M., and 
Ricthmullcr. G. The epithelial cell surface antigen 17-1 A, a target for 
intibody-mediatcri wmor therapy: it* biochemical nature, tissue distri- 
bution and recognition by different monoclonal tmtibodiev Ini. J. Can- 
cer. 38. 47-53. 19S6. 

39. Hayes. D. F„ 2urawiki. V. R.. and Kufe. O. W. Comparison of 
circulubng CAI5- and carcinocmbryonic antigen levels in patient* with 
breast cancer. J. Clin. Oncol.. 4: 1542-1550. 19S6. 

40. Shimada, S.. Ogawa. M.. Schlom. J., und Greincr. J. W. Identifica- 
tion of a novel tumor-associated \t r 1 10.000 gene product in human 
gastric carcinoma cells that i$ immunologically related to carunoenv 
bryonic antigen. Cancer Res.. 5); 5694-5703. 1991. 

41. Taylor-Papadimitriou, J.. Peterson. J. A.. Arklie. J.. Burchcli. J.. 
Ccriani. R.. and Bodn»cr. W. F. Monoclonal antibi>dies to epithelium 



HI 



ft 



si 



1 0 2093 12:13 PM 



310 820 8489 



PPGE .08 



JUL- 10-2003 11 = 57 



UroGenesys 



310 823 8489 P. 09/09 



2676 Selection of Tumor A ntigen, for I mmune Atta c k: Proteins 



specific component, of the milk globule mcmbraw: producucn .ml 
reactions with celts in culture. Int. J. Cancer, 24; 17-2 1. I W . 

42 Gendlec. S. I.. Spicer. A. P.. Lalani, E-N.. Duhig. T Pent. N.. 
Burchc 1. J.. Peintvrnon. L.. BcWL M.. and Taylor-Papadim^nou. J. 
Structure and biology of a carciaoma abated nuic.n, MUC1. Am. 
Bcv. Rcspir. Dis.. /•« (Suppl.).' »42-s47. 1 991. , ,.., : v , K ..>>, . • 

43 Xin- P. X.. ftenaaka. J.. ApostolopouW*. V.. KirkoJoutsos. J. 
£| McKcnric. I. F. C Monoclona. amibodie. to MUG^pepu* react 
with lung cancer. I.*. I. Oncol.. //. 2X0-295. 1997. , 

44 Nielsen. P- A.. Mandel. U.. Therkild.cn. M. H.. and- Clausen. R 
mtLtoX caption of human high -ol.cuUr w.ghj 

(MOD and low molecule weight salivary mucin (MG2). J. Dental to.. 
75: 1S20-1S26- 1996. 

45 Nielsen. P. A.. Bennett, E. P.. w,ndaU. H. Thcrkildsen. M.. 
Hannibal J., and Clausen. H. Identification ot a major human high 



moleo.lar weigh. »liv,ry mucin (MCI) » tracheobronchial mucin 
MUC5B. Glvcobiolugy. 7: -113-419. 1997. 

4(5 Helton D. W. Biologic implications for prostatic funct.on fol- 
lowing' identification ..f P ro $ u«.^«c ^mbranc un^cn a. a 
novel folate h ydrul«c/n=urocarbo«ypc Pll d«c M. K. X N-,. £d £ 
Protntc: Basic and Clinical Aspects, pp. 267-294. New York. CRC 
Trow. 1997. u . 

41 Her.yn. D.. Herlyn. M.. Ros,. A. H„ Ems.. C. Aikinwn. B and 
KnnrcMski H Efficient election of human tumor e iowOi-.nhibi(iii£ 

-Ub^c, 1. lmnu.no,. Method,. 7,.- ,57-167. ,»*. 
4S Belle. D H..07iiirk.M.Bidin.J.M.:Bouhiion.C.J...ind Wnr«Js. 
j R Sensitive and specific ussay for human chorionic gonadotropin 
hCCO bu«d on anu-pepudc and lnl i-hCG monoclonal •..nt.bod.es: con- 
duction and clinic:.! implications. J- Clin. Endocnnol. Metab.. M. 
I319-I326. 1W6. 



JUL 10 2001 12:20 PM 



310 820 8489 



TOTPL P. 09 
PAGE . 03 



